Introduction
============

Hepatocellular carcinoma (HCC) is a major health problem worldwide and is the third most common cause of cancer-related death.^[@bib1]^ Hepatitis B virus and hepatitis C virus infection are the most important HCC risk factors; chronic liver injury is typically associated with increased remodeling activity, a massive leukocyte infiltration and non-resolving inflammation.^[@bib2]^ The migration of leukocytes from the blood into the liver during homeostasis and liver injury is mainly controlled by chemokines, a family of small chemotactic cytokines.^[@bib3]^ Among them, CXCL12 and the receptor CXCR4 have received the most attention, although the role of these proteins in the context of HCC tumorigenesis and progression is still controversial.^[@bib4],[@bib5],[@bib6],[@bib7]^ Nevertheless, Xiang *et al.*^[@bib8]^ have shown that CXCR4 expression significantly decreases overall median survival and is predictive of bone metastasis in HCC patients. Moreover, the nuclear accumulation of CXCR4 is associated with a higher risk of lymph node metastasis in HCC.^[@bib9]^ Recently, the role of CXCR7 overexpression in the invasion and growth of HCC has been shown.^[@bib10],[@bib11]^ CXCR7 is a newly identified receptor that binds to CXCL12^[@bib12]^ and was identified in lung and breast tumors,^[@bib13]^ prostate cancer,^[@bib14]^ rhabdomyosarcomas^[@bib15]^ and human glioma.^[@bib16]^ Whereas the CXCR4 transduction pathway is primarily G-protein mediated, the CXCR7 receptor transduces through the β-arrestin pathway and is G-protein independent.^[@bib7],[@bib17],[@bib18],[@bib19],[@bib20]^ CXCR7 is implicated in cell growth/survival and adhesion, as well as the promotion of tumor growth,^[@bib13],[@bib20]^ through typical chemokine responses such as chemotaxis, calcium mobilization and the activation of intracellular signaling cascades.^[@bib21],[@bib22],[@bib23],[@bib24]^ Moreover, CXCR7 is implicated in the CXCL12/CXCR4-mediated transendothelial migration of human cancer cells.^[@bib25]^ However, there are few studies examining CXCR7 expression and its clinical relevance in HCC. Because the coexpression of CXCR4 and CXCR7 has been correlated with metastatic recurrence and a decreased disease-free survival time in non-small lung cancer^[@bib26]^ and renal cancer,^[@bib27]^ the aim of this work was to evaluate the role of the CXCR4--CXCL12--CXCR7 axis in HCC.

Materials and methods
=====================

Patients
--------

Liver samples were obtained from 86 patients with HCC who underwent surgical resection from August 2000 to October 2010. Surgically dissected HCC samples were obtained in accordance with the Helsinki Declaration of 1975, with approval from the ethics of Istituto Nazionale per lo Studio e la Cura dei Tumori, 'Fondazione Giovanni Pascale\'. Informed consent was obtained from all of the participants in the study according to national guidelines. The etiology of chronic liver disease includes only hepatitis C virus or hepatitis B virus infection. Tissues were fixed in formalin, processed and stained with hematoxylin--eosin to confirm the diagnosis. One paraffin block was chosen from each case for immunohistochemical experiments.

Cell culture
------------

The human hepatocellular carcinoma cell lines HepG2, Huh7, Hep3B, SNU398, SNU449 and SNU475 were kindly provided by Dr Steven Curley (The University of Texas M.D. Anderson Cancer Center, Houston, TX, USA). The identity of the cell lines were confirmed by the Characterized Cell Line Core Service at M. D. Anderson prior to use in these studies. All of the HCC cell lines were cultured in Dulbecco\'s modified Eagle medium supplemented with 10% fetal bovine serum and penicillin/streptomycin and were maintained in 5% CO~2~ at 37 °C.

Immunohistochemistry and immunocytochemistry
--------------------------------------------

CXCR4, CXCR7 and CXCL12 detection was performed by incubating HCC and liver tissue sections with the following primary antibodies: anti-CXCR4 (MAB172, clone 44716; R&D Systems, Inc., Minneapolis, MN, USA) optimized at a dilution of 1∶1000 (1 h, room temperature); anti-CXCR7 (MAB42273, clone 11G8; R&D Systems, Inc.) optimized at a dilution of 1∶50 (overnight, 4 °C) and CXCL12 (MAB350, clone 79018; R&D Systems, Inc.) optimized at a dilution of 1∶50 (overnight, 4 °C). After incubation, the sections were washed with PBS, and a secondary anti-mouse biotinylated antibody was applied. The sections were incubated with the avidin--biotin complex, and the reaction products were visualized by incubation with the diaminobenzidine chromogen. Sections were then counterstained with hematoxylin, dehydrated and mounted. Negative controls were prepared using PBS in lieu of the first antibody in all cases.

HepG2, Huh7, Hep3B, SNU398, SNU449 and SNU475 human HCC cells grown on culture slides (BD Biosciences, San Jose, CA, USA) were fixed in 4% paraformaldehyde for 15 min, and they were then washed three times with PBS. The cells were incubated with anti-CXCR7 antibody (1∶100, 11G8; R&D Systems) for 60 min. CXCR4 and CXCR7 staining was semiquantitatively categorized into three classes based on the number of stained (positive) tumors cells. For CXCR4, the classes were low (0%--20%), intermediate (20%--50%) or high (\>50%); for CXCR7, the classes were low (\<60%), intermediate (60%--80%) or high (\>80%).

Immunoblotting
--------------

The cells were washed twice with ice-cold PBS and were lysed in lysis buffer (50 mM Hepes pH 7.5, 150 mM NaCl, 10% glycerol, 1% TritonX 100, 1 mM EGTA, and 1.5 mM MgCl~2~ supplemented with protease and phosphatase inhibitors). The primary antibodies used for these experiments were anti-CXCR4 (ab2074; Abcam, Cambridge, MA, USA) and anti-tubulin (Santa Cruz Biotech, Santa Cruz, CA, USA).

RNA isolation and real-time reverse transcription-polymerase chain reaction (PCR)
---------------------------------------------------------------------------------

Peritumoral healthy tissue at least 30 mm from the tumor edge was collected from patients who received surgery for HCC. Total RNA from tumors and adjacent healthy tissue was extracted using the RNeasy Protect Mini kit (Qiagen, Valencia, CA, USA). Total extracted RNA (200 ng) was used for the reverse transcription reaction. Real-time PCR was performed using approximately 10 ng of cDNA in a 25 µl Sybr Green reaction mixture, and an ABI Prism 7000 (Applied Biosystem, Carlsbad, CA, USA) robocycler was used for the amplification. Cycling conditions for the PCR were as follows: initial denaturation (10 min at 95 °C), followed by 40 cycles of denaturation (15 s at 95 °C) and annealing (1 min at 60 °C).

The gene-specific primers used for the amplification were as follows:

CXCR4: 5′-TGGGTGGTTGTGTTCCAGTTT-3′ (forward)

5′-ATGCAATACCAGGACAGGATGA-3′ (reverse)

CXCR7: 5′-GATTGCCCGCCTCAGAAC-3′ (forward)

5′-GCAGGACGCTTTTGTTGG-3′ (reverse)

CXCL12: 5′-TGTGGCACTCAGATACCGACT-3′ (forward)

5′-CCCACAGAGCCAATCACT-3′ (reverse)

GUSB: 5′-AGCCAGTTCCTCATCAATGG-3′ (forward)

5′-GGTAGTGGCTGGTACGGAAA-3′ (reverse)

CXCR4, CXCR7 and CXCL12 mRNA were quantified, and their expression level was compared to GUSB mRNA levels. All of the samples were analyzed in triplicate in the real-time PCR experiments.

Migration assay
---------------

The migration of HepG2, Hep3B, Huh7, SNU398, SNU449 and SNU475 cells was assayed in 24-well transwell chambers (Corning Inc., Corning, NY, USA) using inserts with an 8-µm pore membrane. The membranes were pre-coated with collagen (human collagen type IV) and fibronectin (10 µg/ml). Cells were placed in the upper chamber (2.0×10^5^ cells/well) in assay medium (Dulbecco\'s modified Eagle medium) containing 0.5% BSA and were incubated with a CXCR4 inhibitor, AMD3100 (5 µM; Sigma, St Louis, MO, USA); with a CXCR7 inhibitor, CCX771 (500 nM, gift from ChemoCentryx, Mountain View, CA, USA); with a specific CXCR4 antagonist, Peptide R (5 µM), developed in our laboratory; with an anti-CXCR7 monoclonal antibody, CXCR7/RDC-1 (10 µg/ml, Clone 11G8); or with an anti-CXCR4 monoclonal antibody (10 µg/ml, Clone 12G5; R&D Systems) for 45--60 min at 37 °C. Then, CXCL12 or CXCL11 (100 ng/ml) was added to the lower chamber. After 16 h at 37 °C, the cells on the upper surface of the filter were removed using a cotton wool swab. The cells were counted in ten different consecutive high-power fields (magnification: ×200).

Invasion assay
--------------

The *in vitro* invasion assay was performed using the Bio-Coat Matrigel invasion assay system (BD Biosciences, San Jose, CA, USA) according to the manufacturer\'s instructions. Hep3B, Huh7 and Hep3B cells (2×10^5^ cells) were suspended in serum-free medium containing 0.5% BSA and seeded into the Matrigel transwell chambers consisting of polycarbonate membranes with 8-µm pores. After pre-incubation with an anti-CXCR4 antibody (10 µg/ml, Clone 12G5; R&D Systems); an anti-CXCR7 antibody (10 µg/ml, Clone 11G8; R&D Systems); or a specific CXCR4 antagonist, Peptide R (5 µM), which was developed in our laboratory, for 45--60 minutes at 37 °C. Then, CXCL12 or CXCL11 (100 ng/ml) was added to the lower chamber. After 16 h at 37 °C, the cells on the upper surface of the filter were removed using a cotton wool swab. The cells were counted in ten different consecutive high-power fields (magnification: ×200). The anti-CXCR7 monoclonal antibody CXCR7/RDC-1 (Clone 11G8) and the anti-CXCR4 monoclonal antibody against human CXCR4 (Clone 12G5) were purchased from R&D Systems.

Statistical analyses
--------------------

Associations between the immunohistochemical scores and the clinical and pathologic variables of the tissue specimens were evaluated with a Chi-squared test. Student\'s *t*-test was used to compare the means. For both tests, a value of *P*\<0.05 was considered statistically significant.

The Kaplan--Meier product limit estimator was used to graph overall survival. Univariate analysis was performed with the log-rank test. Cox proportional hazards regression was used to analyze the effect of several risk factors on survival.

Results
=======

Patient clinicopathological features
------------------------------------

Eighty-six HCC patients were assessed, and the clinical and pathological features are described in [Table 1](#tbl1){ref-type="table"}. The pT classification was not available for nine of the patients. Of the remaining patients, 13 (16.9%) presented at pT1 (16.8%), 32 patients at pT2 (41.6%), 27 at pT3 (35.1%) and 5 patients at pT4 (6.5%). Nodule size was categorized as diameter \<5 or \>5 cm, and Edmondson\'s grade was classified as low (1--2) or high (3--4). CXCR4 was low in 19/86 patients (22.1%), intermediate in 26/86 (30.2%) and high in 41/86 (47.7%). CXCR7 was low only in 8/86 cases (9.3%), intermediate in 34/86 (44.2%) and high in 40/86 (46.5%). In the peritumoral area, CXCR4 was weakly expressed and localized in the cytoplasm and/or the cell surface, whereas in tumors, CXCR4 was highly expressed and localized to the cytosolic and/or nuclear compartment ([Figure 1a--c](#fig1){ref-type="fig"}). CXCR7 showed intense staining in tumors localized in the cytosol ([Figure 1d--f](#fig1){ref-type="fig"}). A correlation trend was detected between CXCR4 expression and pT stage (*P*=0.0519), whereas no correlation was observed between CXCR4 or CXCR7 expression compared to tumor size or Edmondson\'s grading.

High CXCR4 is correlated with poor overall survival in HCC patients
-------------------------------------------------------------------

To evaluate the prognostic role of CXCR4 and CXCR7 in HCC, the overall survival and progression-free survival were evaluated in 86 HCC patients as a training cohort and in 42 unrelated HCC patients as a validation cohort ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}). Kaplan--Meier curves based on CXCR4 expression revealed that high CXCR4 expression predicted relatively poor overall survival in both cohorts, whereas CXCR7, which was widely expressed, did not significantly correlate with prognosis ([Figure 2](#fig2){ref-type="fig"}).

The CXCR4--CXCR7 ligand CXCL12 was highly expressed in peritumoral tissue in HCC patients
-----------------------------------------------------------------------------------------

To evaluate if the chemokine receptor levels are due to increased transcription, the mRNA levels of CXCR4, CXCR7 and CXCL12 were evaluated in 33/86 frozen tissues using real-time PCR ([Figure 3a](#fig3){ref-type="fig"}). CXCR4 mRNA was upregulated in 15/33 (45.5%) HCC patients, and CXCR7 expression was increased in 18/33 (54.5%) patients. In 23/33 (69.7%) HCC patients, CXCR7 was overexpressed compared to CXCR4 (mean fold change 5.5), whereas in 9/33 samples (27.3%), CXCR4 was upregulated (mean fold change 4.4) compared to CXCR7 levels. Interestingly, the ligand CXCL12 was overexpressed in the tumor tissue in only three cases, although in 30/33 (90.9%) cases, CXCL12 was overexpressed in peritumoral tissue (mean fold change: 13.5). In [Figure 3b](#fig3){ref-type="fig"}, the relative box-plot demonstrates that CXCL12 expression was significantly different between tumor and peritumoral tissues, with lower expression in tumor tissues (*P*=0.032). CXCL12 was also evaluated using immunohistochemistry, which confirmed a lower expression level in the tumor tissues compared to peritumoral tissues ([Figure 3c](#fig3){ref-type="fig"}).

CXCR4 and CXCR7 are expressed and functional in HCC cell lines
--------------------------------------------------------------

To further investigate the function of this chemokine axis in HCC, a panel of human HCC cell lines (HepG2, Huh7, Hep3B, SNU398, SNU449 and SNU475) were characterized for CXCR4 and CXCR7 expression and function. [Figure 4a](#fig4){ref-type="fig"} shows that CXCR4 protein was almost undetectable in HepG2 cells, although it was clearly expressed in Huh7, Hep3B, SNU398, SNU449 and SNU475 cells with an RNA level comparable to the protein level. CXCR7, evaluated using immunocytochemistry, showed that HepG2, Huh7, SNU449 and SNU475 cell lines overexpressed CXCR7 mainly in the cytosol ([Figure 4b](#fig4){ref-type="fig"}). CXCL12 significantly induced migration of Huh7, SNU449 and SNU475 cells, whereas migration was significantly inhibited by AMD3100 (CXCR4 antagonist) and by CCX771 (CXCR7 antagonist) in Huh7, SNU449 and SNU475 cells, suggesting a functional role for the CXCR4 and CXCR7 receptors ([Figure 5a](#fig5){ref-type="fig"}). CXCL12-dependent migration was not detectable in HepG2, Hep3B or SNU398 cells (data not shown). To further dissect the role of CXCR4 and CXCR7 receptors, the migration of Huh7 and SNU449 cells in response to CXCL12 or CXCL11, the exclusive CXCR7 ligand, was evaluated in the presence of anti-CXCR4 (12G5) (10 µg/ml), anti-CXCR7 (11G8) (10 µg/ml) or Peptide R (10 µM), a recently developed CXCR4 antagonist.^[@bib28]^ As shown in [Figure 5b](#fig5){ref-type="fig"}, the cells migrated toward CXCL12 and CXCL11. The migration toward CXCL12 was inhibited by anti-CXCR4 and Peptide R, whereas CXCL11-induced migration was inhibited by anti-CXCR7, demonstrating that both chemokine receptors affected migration in the evaluated HCC cell lines. To further elucidate the role of CXCR4/CXCR7 in HCC cancer progression, CXCL12/CXCL11-induced cell invasion experiments were performed in Huh7 and SNU449 cells. As shown in [Figure 5c](#fig5){ref-type="fig"}, CXCL12 and CXCL11 significantly stimulated Huh7 and SNU449 invasion, which was impaired by anti-CXCR4 (12G5) and Peptide R and by anti-CXCR7 (11G8). These results suggest that CXCL12 modulates cell invasion through CXCR4/CXCR7 receptors.

Discussion
==========

The discovery of the new chemokine receptor CXCR7 and the identification of a functional chemokine axis, CXCR4--CXCL12--CXCR7, has led to the examination of a possible role for CXCR7 in HCC. In this manuscript, the chemokine receptors CXCR4 and CXCR7 were evaluated in 86 HCC patients using immunohistochemistry. The expression of intermediate and/or high CXCR4 levels correlated with an unfavorable prognosis for overall survival (*P*=0.03), whereas CXCR7 expression was not observed to have prognostic relevance. At the RNA level, the ligand, CXCL12, was significantly overexpressed into the peritumoral tissues (*P*=0.032), suggesting a potential role for CXCL12 in the microenvironment promoting migration and tumor cell growth. Evaluating the human HCC cell lines HepG2, Huh7, Hep3B, SNU398, SNU449 and SNU475 for CXCR4 and CXCR7 demonstrated that the receptors are active in HCC cells. It was previously reported that HCC cell lines expressed variable levels of functional CXCR4,^[@bib7]^ and in this study, a variable correlation between expression and function was also detected for CXCR7. In HepG2 cells, CXCR4 was almost undetectable but was associated with clear CXCR7 expression, although no functional migration was observed in the presence of the ligand CXCL12. This could be explained by receptor resistance, as previously described for HepG2, Daudi and Raji lymphoma cells.^[@bib29],[@bib30],[@bib31]^ In Huh7 CXCR7-expressing cells, CXCL12 increased migration, but in Hep3B cells, which expressed both CXCR4 and CXCR7, migration was not induced by CXCL12.

Zheng *et al.*^[@bib11]^ described highly variable expression of CXCR4 and CXCR7 in HCC cell lines and demonstrated that CXCR7 silencing in SMMC-7721 cells inhibited cell invasion capability. In agreement with previous results, we observed that CXCR4 localizes to the cytosol of peritumoral tissues and to the cytosol, surface membrane and nucleus of the tumor cells.^[@bib5],[@bib32],[@bib33]^ Interestingly, it was previously reported that HCC patients with nuclear CXCR4 and VEGF-C expression displayed higher incidence of lymph node metastases, bone metastases and poor outcome.^[@bib7],[@bib8],[@bib9],[@bib34]^ The CXCR7 staining was reported to be cytosolic and/or membranous in tumor tissue,^[@bib11],[@bib35]^ which has also been described in tumor endothelial cells of breast, lung, ovary and kidney cancers.^[@bib13]^ In HCC, CXCR7 and alpha fetoprotein levels were described as valuable prognostic indicators for lung metastasis and poor prognosis.^[@bib11],[@bib34]^ Nevertheless, we were not able to identify any prognostic correlation for CXCR7 expression, possibly because high CXCR7 expression is also regulated by more finely tuned CXCR4--CXCL12 levels.^[@bib21]^ In fact, at the RNA level, both CXCR4 and CXCR7 chemokine receptors were comparably expressed in tumor and peritumoral tissue, whereas the common ligand CXCL12 was significantly higher in peritumoral tissue (*P*=0.032). Other researchers have reported that greater CXCR7 expression was induced in HCC compared to normal liver tissue, whereas CXCL12 and CXCR4 were not.^[@bib10],[@bib33]^ Because CXCL12 levels decrease in the tumor, this might favor cell migration toward sites with higher CXCL12 levels, such as lymph nodes and bone.^[@bib8],[@bib9]^ Despite having all of the canonical features of GPCRs, CXCR7--ligand-mediated activation of intracellular signals remains controversial because CXCR7 fails to activate heterotrimeric G proteins but preferentially recruits β-arrestin in a ligand-dependent manner.^[@bib41]^ Interestingly, it has been shown that CXCR7 has a dramatic effect on the signaling response after CXCR4 activation. For example, CXCR7 can directly modulate CXCR4 signals *via* CXCR7--CXCR4 heterodimerization^[@bib36]^ and can function as a 'decoy\' receptor or chemokine scavenger.^[@bib37],[@bib38],[@bib39],[@bib40],[@bib41]^ Internalization of CXCL11- or CXCL12-bound CXCR7 in the absence of downstream signaling would generate a gradient of chemokine required for an optimum CXCR4 migratory response.^[@bib41]^

Although more patients need to be evaluated, we identified a biological and prognostic role for the CXCR4--CXCL12--CXCR7 axis in HCC patients. This may also be useful in identifying novel targets for therapy to suppress HCC tumorigenesis and progression in patients with chronic hepatitis and liver injury.
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![CXCR4 and CXCR7 expression in HCC. (**a**) CXCR4 expression in the peritumoral area (×20). (**b**) (×20), (**c**) (×40). Cytoplasmatic and nuclear CXCR4 staining, respectively, in HCC. (**d**) CXCR7 expression in the peritumoral area (×20). (**e**) (×20), (**f**) (×40). CXCR7 expression in HCC. HCC, hepatocellular carcinoma.](cmi2014102f1){#fig1}

![CXCR4 overexpression affects overall survival in HCC patients. (**a**) Kaplan--Meier curve examining overall survival according to CXCR4 and CXCR7 expression in HCC patients (training cohort). (**b**) Validation cohort. HCC, hepatocellular carcinoma.](cmi2014102f2){#fig2}

![CXCR4, CXCR7 and CXCL12 mRNA expression in HCC. (**a**) Quantitative reverse transcriptase PCR analysis for CXCR4, CXCR7 and CXCL12 levels in HCC patients. mRNA expression was measured using real-time PCR in normal liver (NL) and HCC. The *y*-axis values represent the ratio between the value of each gene in HCC/normal liver normalized to GUSB RNA expression. Each assay was performed in triplicate. (**b**) Relative box plot. (**c**) Immunohistochemical CXCL12 evaluation. Upper left: peritumoral liver tissue; upper right: HCC tissue (magnification: ×5). Lower left: detail peritumoral liver tissue; lower right: detail HCC tissue (magnification: ×40). HCC, hepatocellular carcinoma; PCR, polymerase chain reaction.](cmi2014102f3){#fig3}

![(**a**) CXCR4 expression in HCC cell lines. Left, western blot analysis for CXCR4 in HCC cell lines. CEM, a human T-lymphoblast cell line, was used as the CXCR4 positive control. Right, CXCR4 mRNA levels as detected by real-time PCR. Representative data from three individual experiments are shown. (**b**) CXCR7 expression in HCC cell lines. Left, immunocytochemistry for CXCR7 in HCC cell lines. MCF-7, a human breast cancer cell line, was used as the CXCR7 positive control. Right, CXCR7 mRNA level as detected by real-time PCR. SF-539, a human adult cancer brain glioblastoma, was used as a CXCR7 positive control. Representative data from three individual experiments are shown. HCC, hepatocellular carcinoma; PCR, polymerase chain reaction.](cmi2014102f4){#fig4}

![CXCL12 induced migration and invasion in HCC cell lines. (**a**) Migration of HepG2, Hep3B, Huh7, SNU398, SNU449 and SNU475 cells. The cells were incubated in the presence of Peptide R (10 mM), AMD3100 (5 µM) or CCX771 (500 nM). Cells migrated toward CXCL12 (100 ng/ml) or CXCL11 (100 ng/ml) for 18 h. (**b**) CXCL12-dependent cell migration was examined in the human HCC cell lines HUH7 and SNU449 in the presence of Peptide R (5 µM), anti-CXCR4 (12G5; 10 µg/ml) or anti-CXCR7(10 µg/ml). The cells migrated toward CXCL12 (100 ng/ml) or CXCL11 (100 ng/ml) for 18 h. (**c**) CXCL12/CXCL11-dependent cell invasion was examined in the human HCC cell lines Huh7 and SNU449 in the presence of Peptide R (5 µM), anti-CXCR4 (12G5; 10 µg/ml) or anti-CXCR7(10 µg/ml) for 18 h. The cells were counted in 10 different consecutive high-power fields (magnification: ×200). The results represent at least three independent experiments and are expressed relative to the values for BSA alone. Statistical significance was calculated using Student\'s *t*-test. \**P*\<0.05, \*\**P*\<0.001, \*\*\**P*\<0.001 for BSA and the relative inhibitor. HCC, hepatocellular carcinoma.](cmi2014102f5){#fig5}

###### Characteristics of patients and tumors according to CXCR4 and CXCR7 expression

                                         *No. (%)*    *CXCR4*   P    *CXCR7*        P                      
  ------------------------------------ ------------- --------- ---- --------- -------------- --- ---- ---- ----------
  **Median age (range), years**         66 (39--92)                                                             
  **Age, years**                                                                 *0.4640*                   *0.6886*
  \<65                                   36 (41.9)       6      13     17                     3   15   18       
  ≥65                                    50 (58.1)      13      13     24                     5   23   22       
  **Gender**                                                                     *0.5466*                   *0.4343*
  Male                                   71 (82.5)      17      20     34                     8   31   32       
  Female                                 15 (17.5)       2      6       7                     0   7    8        
  **pT stage** (missing=9)                                                     ***0.0519***                 *0.7361*
  T1                                     13 (16.9)       1      7       5                     1   8    4        
  T2                                     32 (41.6)       5      11     16                     3   13   16       
  T3                                     27 (35.1)       9      3      15                     4   9    14       
  T4                                      5 (6.5)        0      3       2                     0   3    2        
  **Tumor size, cm** (missing=4)                                                 *0.3258*                   *0.3117*
  \<5                                    56 (68.3)      10      20     26                     6   26   24       
  \>5                                    26 (31.7)       8      6      12                     2   8    16       
  **Edmondson\'s grade** (missing=7)                                             *0.2075*                   *0.7113*
  Low (1--2)                             55 (69.6)      11      20     24                     5   24   26       
  High (3--4)                            24 (30.4)       7      4      13                     3   9    10       

[^1]: These two authors contributed equally to this work.
